A growing number of aerobiological sampling stations are pronounced temperature range in Estepona, possibly because of its greater proximity to the sea. The mean temperature being installed in population centres for gathering information on the pollen content of the atmosphere. This has led was 18.6ß C in Malaga and 17.3ß C in Estepona. The mean annual rainfall, during the three years, in both sites was to a substantial increase in comparative studies between diVerent localities. Despite the fact that it is usual to ® nd about 850 mm, although the amount of rain falling diVered substantially between years, 451.7 mm and 458 mm falling in quantitative and qualitative diVerences in the concentrations of diVerent taxa, comparative studies have traditionally been Malaga and Estepona respectively, in 1995 (a particularly dry year) and 1220.3mm and 1393.5 mm, respectively, in made in a descriptive way. No advantages have been taken of statistical tools, which would make it possible to establish 1996 (a much wetter year than average). The mountain barriers and the proximity of the Strait of Gibraltar ( Fig. 1 ) whether or not there are diVerences between diVerent sampling stations (Bagni et al. 1976 , Spieksma et al. 1989 , mean that the predominant winds were westerly or easterly, bearing to NW or SE in Malaga (because of the Guadalhorce Leuschner & Boehm 1981, Goldberg et al. 1988 , Caramiello et al. 1991 , Leuschner 1991 and westerly/easterly in Estepona. As in any urban area, the most signi® cant aspects of the¯ora are the deteriora-1993, Gala Â n et al. 1995 , Fornaciari et al. 1996 , Frenz et al. 1997 , Gottardini & Cristofolini 1997 . Furthermore, such tion of the natural vegetation, an important component of ornamental plants and an increase of weeds. The surrounding studies are essential for establishing whether or not it is necessary to have two sampling stations in close proximity.
vegetation showed greater human disturbance in Malaga than in Estepona, the natural vegetation being relegated to In this paper we propose a protocol for statistically comparing the results obtained in diVerent aerobiological small stands of cork-oak, holm-oak and kermes-oak and, in its more degraded stage, to silicicolous scrub and thyme stations and, as an example, compare the results obtained for the pollen of the ten most abundant taxa in the stations thickets. In many natural places, the natural vegetation has been replaced by repopulations of pine. of Malaga and Estepona (S. Spain) during 1995± 97. Both sampling stations are close to the sea and surrounded by mountains, which endows them with special characteristics MATERIAL AND METHODS (Recio et al. 1998 whether the diVerences between samples re¯ect genuine population Fig. 1 . Location of the two samplers in Malaga and Estepona diVerences or are simply random variations, similar to those that (southern Spain).
can be expected between diVerent random samples of the same population. This test is one of the most eVective of the nonparametric tests that can be applied in the case of more than two and glycerine jelly stained with basic fuchsine as the mounting independent samples. medium. Pollen counts were made following the method proposed
In the case of autumn-winter¯owering taxa (Cupressaceae, by Domõ Â nguez et al. (1991) . This consisted of reading four sweeps Parietaria and Urtica) for which we only had the data from two per preparation at a magni® cation of Ö 400, the data being expressed sampling periods, the Mann-Whitney U-test was applied. This test as mean daily concentration. The mean pollen season (MPS) was is used to check whether two independent groups have been taken taken as being the period during which 95% of the total amount of from the same population and it is one of the most powerful nonannual pollen of both stations was recorded.
parametric tests and a useful alternative to the parametric t-test. In The overlapping MPS between stations was used in order to our case, we used it to see whether signi® cant diVerences existed compare the data obtained for the two stations and the diVerent between the means obtained for each period in the same station years. To express the trend of each station, data referring to when it was only possible to study two periods (Siegel 1970 , Martõ Â n 29th February were omitted and the data from the ® rst complete Andre Â s & Luna del Castillo 1994 , Sokal & Rolhf 1995 . month to occur in the MPS to the last were used.
The following variables were compared: mean daily concentrations (for each year and the total period studied), the mean concentration DiVerences between sampling stations of the three years for the same date (trend) and the deviation from this mean (for each year and taken as a whole). The interannual After ascertaining the behaviour of the taxa in each station, the two diVerences within and between stations were taken into account stations were compared as described below ( Fig. 2) : as regards the association, concentration and distribution of the variables.
Association test. ± To study the association between pairs of data After selecting the variables, a normality test ( Kolmogorov-for the same type of pollen, a Pearson or Spearman correlation test Smirnov test for one sample) was applied in order to con® rm was carried out, depending on whether or not the data ® tted a whether it could reasonably be thought that the obtained values normal distribution curve. This test was intended to show whether come from a population which has this speci® c theoretical two variables were independent or covariant, i.e., varied together. It distribution.
does not assume that one variable caused the other.
Comparison of averages. ± When the variables did not show a
Interannual diVerences for the same station normal distribution, Wilcoxon's signed ranks and equal pairs test was applied. This made it possible to check H 0 ; m 1 = m 2 , independWhen studying the possible similarities and diVerences existing in the same station and when clear evidence existed against normality, ently of the sample size. As it was used as alternative to the parametric test for comparing two means, the hypothesis which is the following steps were followed ( Fig. 2) :
In order to compare the means obtained for each year, an analysis really tested here is whether H 0 ;``the two compared populations are identical'' or H 1 ;``one population tends to give higher values of variance of a Kruskal-Walis rank classi® cation was made. This is an extremely useful tool when there are more than two independent than another''. This test considers the relative magnitude and direction of the references. If we add the ranks with a positive sign samples and you want to know if they come from the same population or from populations with the same average values. When and those with a negative sign, both totals should be the same according to H 0 . However if both totals are very diVerent, we deduce the test result was signi® cant, we made an a posteriori test to look for the reasons for the signi® cance found. For this, we used Newman that the average concentration in one sampling station is greater than that of the other, and so H 0 will be rejected. and Keuls' method of pair comparison ( looking for signi® cance according to Bonferronõ ¾ s distribution) which analyses which years
When there was no signi® cant correlation, the Mann Whitney U-test was used. This is similar to Wilcoxon's test but is used when show identical averages and which do not. The aim is to determine the samples are independent and there is no association between the of the pollen season and the time in which the higher peaks pairs of data.
were detected.
As regards the statistical study, Table II 
Interannual variations within the same station
deviations from the population distribution. An excessive spacing out between the two accumulative distributions suggests that the As regards interannual variation (Table III ) these diVerences were more pronounced in Malaga for all taxa, excluding Quercus, Urtica membranacea and Poaceae, which showed greater diVerences in Estepona.
RESULTS AND DISCUSSION
If we examine more closely the diVerences in averages During the period studied, the ten most predominant pollen within each station ( Table IV ) we see that there were signitypes in both sampling stations, as based on the total annual ® cant diVerences for all the taxa in both stations between counts, were, in alphabetical order: Chenopodiaceae-1995 and 1997. However, there were no signi® cant diVerences Amaranthaceae, Cupressaceae, Myrtaceae, Olea europaea, between 1996 and 1997 for Chenopodiaceae-Amaranthaceae Parietaria, Pinus, Plantago, Poaceae, Quercus and Urtica and Plantago in Estepona and Plantago and Poaceae in membranacea (Table I ) . It can be seen that Cupressaceae, Malaga. On the other hand, Quercus pollen showed diVerOlea europaea, Quercus and Poaceae were the most abundant ences during all the three years in both stations, perhaps due pollen types recorded at the two stations, followed by Urtica to the distinct weather patterns of the three years in question, membranacea, Pinus, Plantago, Parietaria, Chenopodiaceae-1995 being a very dry year. Amaranthaceae and Myrtaceae in Estepona and Pinus, Plantago, Chenopodiaceae-Amaranthaceae, Casuarina, DiVerences between stations Parietaria and Myrtaceae in Malaga. Figure 3 shows the mean concentrations registered during the period Association test. ± When the degree of association between studied at both stations. We can appreciate that nitrophilous the variables studied in both stations was analysed ( Table V ) , herbaceous taxa such as Chenopodiaceae-Amaranthaceae, all showed a signi® cant positive degree of correlation, with Plantago and Parietaria have much more in¯uence in the the exception of the deviations respect to the tendency shown atmosphere of Malaga than in Estepona, probably on by Myrtaceae in 1996. account of the vegetation shows a greater human disturbance
In general, all the correlation coeYcients were highly in Malaga. However, the records of Urtica membranacea signi® cant and above 0.5, emphasising the good correlation pollen were much higher at Estepona sampling station. between the concentrations registered in both stations. Cupressaceae, Myrtaceae, Olea europaea, Pinus and Quercus Looking at the concentrations for the whole period, we see pollen also reached higher peaks at Malaga station. For that the coeYcient is above 0.75 for Poaceae, Olea europaea, Poaceae the quantities registered were similar.
Quercus and Cupressaceae, which are among the most On the other hand, the same ® gure also shows graphically important taxa from an allergenic point of view in southern the phenology and general behaviour of the diVerent taxa Spain. studied, which, in general, were similar, as well as the length As regards the mean values for the same date of the three periods studied (trends), the coeYcient of correlation was higher than that for the daily means (Table V ) .
Finally, in the case of the deviations as a whole, the Table I . Most relevant ten pollen types in the Estepona and coeYcients of correlation were above 0.75 for the polMalaga sampling stations (1995± 1997 Fig. 3 . Graphical representation of the mean weekly concentrations (trend) reached by the diVerent taxa in both stations during the study period.
most taxa and the trend of Poaceae pollen when the concenBecause the coeYcients of correlation for the deviations in Myrtaceae pollen were not signi® cant during 1996, a trations registered in the atmosphere of Estepona and Malaga (Table VI ) were analysed.
Mann Whitney U-test was applied. This showed diVerences 
